ABSTRACT
Although analyses of lipids from euglenoid organisms have been reported (3) (4) (5) (6) (7) 9 , 10), none has dealt exclusively with those of the eyespot. With the development of a technique for large scale isolation of eyespot granules from Euglena (1), the chemical properties of the eyespot can be investigated more readily. We report here one aspect of the biochemical study of eyespots-the characterization of glycerolipids and wax esters.
MATERIALS AND METHODS
Isolation of Eyespots and Extraction of Lipids. Axenic cultures of Euglena were grown and harvested and the eyespots isolated according to the methods of Bartlett et al. (1). Lipids were extracted from eyespot preparations by a procedure modified from Bligh and Dyer (2) , in which the methanol contained 2% (v/v) acetic acid. Solvents were removed under vacuum using a rotary evaporator, and the lipid weight was determined on a Cahn G2 electrobalance.
Chenical and Chromatographic Methods. Protein and phosphorous contents were determined by the procedures of Lowry et al. (8) We obtained lipid fractions by preparative TLC on 500-,um layers of Silica Gel G in the hexane-ether-acetic acid system described above. Components were recovered by scraping the silica gel directly into test tubes to which reagents for methylation or acetylation were added. Methyl ester derivatives of fatty acids were obtained using methanol containing 2% (v/v) concentrated H2SO4 at 100 C for 60 min. After the addition of water, methyl esters were extracted three times with hexane-ether (1: 1, v/v). Fatty alcohols, formed after methanolysis of the wax fraction, were acetylated with acetic anhydride in pyridine (4:1, v/v) for 60 min at 100 C. Water was added to the sample, and the acetates of the fatty alcohols were extracted three times using hexane-ether (2:1, v/v).
Methyl esters of fatty acids were separated according to degree of saturation by chromatography on Silica Gel G layers impregnated with 12.5% (w/w) silver nitrate with development in a solvent system of hexane-ether (90:10, v/v). Components were recovered by scraping the silica gel into sintered glass funnels and eluting with 20% (v/v) methanol in ether. After the filtrate was added to hexane and washed with water, the hexaneether was evaporated, and methyl esters were dissolved in carbon disulfide for use in GLC. Acetates of the fatty alcohols were isolated on 500-,um Silica Gel G layers in the hexane-etheracetic acid system described above.
Methyl esters of the fatty acids and acetates of the fatty alcohols were resolved on a Victoreen 4000 series gas-liquid chromatograph on columns (1.83 m x 3.18 mm) of 10% EGSS-X coated on Gas-Chrom P, 100/120 mesh. Fatty acid methyl esters were analyzed at either 155 C or 185 C or by using temperature programming from 140 to 200 C (2 degrees/min); acetates of the fatty alcohols were separated at 175 C. Identification of the components was based on comparison of the retention times with known standards.
RESULTS AND DISCUSSION
The weight of lipids in the eyespot sample analyzed was 6. phospholipids in the sucrose gradient used in the isolation procedure or differential phospholipase activity in stored samples is under investigation. The phospholipids present in the eyespot sample may be components of membranes that surround eyespot granules (12, 13) .
Methyl ester derivatives of fatty acids from fractions I to IV and acetates of alcohols from fraction I are given in Table I Our data indicate that 14:0 is the major fatty alcohol in the wax esters of eyespots; it is also the major component in waxes from whole cells of Euglena grown on ethanol (5) and in the dark (9) , and in waxes from mitochondria of etiolated Euglena (6) . The fatty acid composition of the wax component from eyespots is more complex than that reported previously (5, 9) for the wax esters obtained from extracts of whole cells of Euglena. In the latter, only fatty acids ranging from 12:0 to 18:0 were found, whereas we found the range to be from 12:0 to 22:6.
In summary, our investigation revealed that eyespot granules contain wax esters, triacylglycerols, free fatty acids, and phospholipids containing a variety of fatty acids ranging from 12:0 to 22:6. Saturated fatty alcohols from 11:0 to 18:0, with a major component of 14:0, are present in the wax ester fraction.
